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Abstract 
The aim of this paper is to study the (clinical) time-series data of three diseases with complex dynamics- Parkinson’s disease, 
Huntington’s disease and Amyotrophic Lateral Sclerosis. For this purpose, first all of the time series data are embedded in a 
vector space with suitable dimension and then the correlation dimension of the above mentioned diseases is estimated. The 
results are also compared with healthy control subjects. At the next step, existence of chaotic behavior in these diseases is 
investigated by means of the so-called 0-1 test. The simulations show that none of the diseases under consideration are chaotic.   
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1. Introduction 
The aim of this paper is to analyze the time series data of three diseases with complex dynamics- Parkinson’s 
disease, Huntington’s disease and Amyotrophic Lateral Sclerosis (ALS). Clearly, the results obtained from these 
analyses may be helpful for better understanding the pathophysiology of these diseases and to improve our ability to 
measure the responses to therapeutic interventions. The reader is referred to [1] and [2] for more information about 
the dynamics of Huntington’s disease and ALS, respectively.  
In the following, first we will estimate the correlation dimension of the above mentioned diseases and then we 
will apply the so-called 0-1 test to investigate the chaotic behavior in these diseases.    
2. Clinical Findings 
All of the time-series data used in this paper are downloaded from [3]. The raw data were obtained using force-
sensitive resistors, with the output roughly proportional to the force under the foot. Ten records for Parkinson’s 
disease, ten for Huntington’s disease, ten for ALS, and ten for healthy control subjects are used in simulations of this 
paper. Each of these records contains approximately 90’000 samples, where the sampling period is 0.0035 s. Tables 
1-4 display the clinical findings of these records. For the subjects with Parkinson's disease, the “severity” column in 
the table is Hohn and Yahr score (a higher score indicates more advanced disease). For the subjects with 
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Huntington's disease, this is the total functional capacity measure (a lower score indicates more advanced functional 
impairment). For the subjects with ALS, the number here is the time since the onset of the disease. 
Table 1. Clinical findings for 10 patients with Parkinson’s disease 
SeverityGait Speed (m/s)GenderWeight (Kg)Height (meters)Age (YRS)Subject ID
40.95m862771
1.51.26f541.67442
20.98m771.81803
3.50.91f431.72744
21.05m911.92755
21.33m862536
40.91f541.67647
40.84m731.83648
1.51.05m841.92689
31.19m741.946010
Table 2. Clinical findings for 10 patients with Huntington’s disease 
SeverityGait Speed (m/s)GenderWeight (Kg)Height (meters)Age (YRS)Subject ID
81.68M721.86411
111.05F581.78422
41.05F631.75663
21.4F641.88474
101.82M852365
81.54F591.83416
21.05M752717
91.26F561.81538
121.26F901.8549
41.05F1021.784710
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Table 3. Clinical findings for 10 patients with ALS 
Duration (Month)Gait Speed (m/s)GenderWeight (Kg)Height (meters)Age (YRS)Subject ID
11.302M86.181.80681
141.219M83.921.83632
130.853F40.821.57703
54MissingF58.971.70704
5.5MissingM74.391.70365
170.77M68.951.75436
91.302M81.651.73657
31.085M106.61.83518
540.899M61.241.58509
14.51.219F61.241.74010
Table 4. Clinical findings for 10 healthy control subjects 
Gait Speed (m/s)GenderWeight (Kg)Height (meters)Age (YRS)Subject ID
1.33F951.94571
1.47M701.94222
1.44F661.83233
1.54F731.78524
1.54F821.94475
1.26F591.81306
1.4F571.67387
0.91F681.72698
1.26M771.89749
1.33F601.866110
3. Estimation of Dimension  
The first step of all time series analyses in this paper (and many others) is the so-called embedding. The term 
embedding means the process of constructing a set of vectors from the given time series. Embedding procedure 
needs establishing of at least two parameters –embedding dimension  and time delay - which may drastically 
differ from case to case [4]. Having chosen  and , embedding is defined as 
,
where  is the time series under consideration. After embedding, we can estimate the correlation dimension of 
the embedded vectors (see [4] for more information about the different definitions of dimension and the techniques 
used for calculating them). In this definition of dimension, the probability that two points in the data set are 
separated by a distance less than is considered as dimension [4]. Define  
,
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with  the Heaviside step function, and  and  vectors in the embedded space (which contains  vectors). 
Then, the correlation dimension is defined as follows 
(1) 
The main reason for usefulness of the above definition is that the correlation dimension determines the number of 
independent variables needed to describe the dynamics of the central nervous system [5].  
A typical left-foot signal of Parkinson’s disease is shown in Fig. 1 (a). Figure 1 (b) shows the embedded states of 
the time series shown in Fig. 1 (a) assuming  and . Clearly, these are feasible choices for dimension and 
delay since the data points in Fig. 1 (b) spread enough, and moreover, no redundancy or irrelevancy is observed in 
this figure.  
All of the time series data introduced in Section 2 are embedded assuming  and , and then the 
corresponding correlation dimensions are estimated using (1). The results are summarized in Table 5. As it is 
observed, the average dimension of both Parkinson’s disease and Huntington’s disease are more than the average 
dimension of healthy control subjects, while the average dimension of ALS is less than it. 
(a) (b) 
Fig. 1. (a) A typical left-foot signal of Parkinson’s disease; (b) embedded states of the time series shown in Fig. 1 (a) assuming  and .
Table 5. Estimations of the correlation dimension 
Healthy control subjectALSHuntington’s diseaseParkinson’s diseaseSubject ID
1.782.083.132.761
1.741.783.412.882
1.782.083.132.763
1.821.542.771.724
1.821.892.521.745
3.041.792.312.066
2.621.722.211.907
1.942.422.492.518
2.042.562.682.339
2.412.032.092.7010
2.131.992.672.34Average
0.450.320.440.45S. T. D.
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4. Investigation of chaotic behavior by using 0-1 test 
As it can be observed in Fig. 1 (a) the signals under consideration are pseudo-periodic, which concludes that the 
corresponding dynamical system may be chaotic. In the following, we will investigate the chaotic behavior in the 
time series data by using the so-called 0-1 test. The 0-1 test provides us with an effective tool for detecting the 
possible  chaos  in  a  given  time  series.  One  main  advantage  of  the  0-1  test  comparing  to  other  tools  (such  as  the  
Lyapunov exponents) is that it can be applied to the given time series even if the equations governing the system are 
not known. As another advantage, this method can be applied to any given time series, say the output of a force-
sensitive resistor, regardless of the method used for generating it. 
A full  exposition  of  the  0-1  test  can  be  found in  [6].  To explain  briefly,  denote  the  solution  of  the  dynamical  
system by  and consider  as the observable output of this system. As mentioned before, the method is 
essentially independent of the actual form of  (i.e., almost any choice of  will suffice). Now, define 
,
,
where  is an arbitrary chosen constant (we fix  in all simulations). To proceed, calculate the mean-
square displacement of  as below 
,
and then plot  versus . The 0-1 test concludes that the corresponding dynamical system is 
chaotic (non-chaotic) if the slope of the asymptotic line of this plot is equal to unity (zero).  
The 0-1 test is applied to the time series data introduced in Section 2 and the results are shown in Figs. 2 (a)-(d). 
The numbers on subplots correspond to the subject IDs given in Tables 1-4. According to Figs. 2 (a)-(d) it is obvious 
that none of the time series data used in our simulations are chaotic since the slope of all asymptotes is equal to zero 
(note to the scale of horizontal and vertical axis in each plot). 
(a) (b) 
Fig. 2. The plot of   versus  (a) Parkinson’s disease; (b) Huntington’s disease; (continued) 
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(c) (d)
Fig. 2. (c) ALS; (d) healthy control subjects. 
5. Conclusion 
The time series data of three diseases with complex dynamics are studied is this paper. The correlation dimension 
of these diseases is estimated and it is shown that the correlation dimension is less than four in all cases. It is also 
observed that the average dimension of Parkinson’s and Huntington’s diseases is more than the average dimension 
of healthy control subjects, while the average dimension of ALS is less than it.  The 0-1 test is also applied to the 
time series under consideration which concludes that none of them is chaotic.  
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